Objective: The aim of this study was to determine the inter-rater agreement between physicians and nurses regarding eligibility for application of the Canadian C-Spine Rule (CCR) and assessment of the criteria of the CCR. Methods: In this observational study, nurses and physicians independently assessed the CCR criteria in a convenience sample of patients with potential C-spine injury. Data were entered onto separate data sheets. The outcomes of interest were the inter-rater agreement between nurse and physician regarding eligibility for application of the rule, for assessment of each component of the rule and for interpretation of the rule overall, assessed by kappa analysis. Results: In total, 88 cases were eligible for analysis. Physicians and nurses agreed on which patients were eligible for CCR application in 96.6% of cases. Inter-rater agreement for most CCR criteria was good (κ > 0.61), with the exception of midline tenderness (κ = 0.58) and range of motion, which most nurses did not test. Conclusion: This study shows that nurses have the potential to reliably apply the Canadian C-Spine Rule but require further training in the assessment of midline tenderness and range of motion.
Introduction
Traditional trauma teaching mandates that injury victims who might have a neck injury should have spinal immobilization until cervical spine (C-spine) imaging has been performed. 1 Recently, the requirement for C-spine radiographs has been challenged by the development of 2 decision rules that facilitate clearance of the C-spine on clinical grounds. 2, 3 This should translate into lower x-ray rates and shorter periods of discomfort for patients if hard cervical collars can be removed earlier. Time in hard collars could be reduced further if nurses can clinically clear the C-spine without waiting for a physician.
Stiell and colleagues 4 showed that the kappa value for interpretation of the Canadian C-Spine Rule (CCR) by physicians was 0.66, with misclassification in 8.7% of cases. Previous research has shown that nurses can accurately apply similar clinical decision rules for ordering ankle and knee radiographs. 5, 6 The aim of this study was to determine the inter-rater agreement between emergency department (ED) physicians and nurses for eligibility for application of the CCR, for assessment of the CCR criteria and for overall interpretation of the rule.
Methods

Patients and setting
This prospective observational study was conducted between Nov. 29, 2002, and Mar. 7, 2003 , in the ED of the Western Hospital in Melbourne, Australia. It is a substudy of a larger project evaluating the impact of the CCR on xray ordering rates in adults with potential neck injuries, and looking at whether CCR implementation reduces patients' time in hard collars. Alert stable adults with potential C-spine injuries were eligible for study.
Intervention
ED nurses and physicians prospectively identified a convenience sample of eligible patients, then independently applied the CCR. Only senior nurses who had completed a competency assessment for the removal of hard cervical collars were allowed to remove collars and independently assess range of motion. Less experienced nurses observed the range of motion test conducted by ED physicians.
Data collection
Nurse and physician assessments were conducted independently from each other. Staff members were blinded to their colleagues' assessments (except where less experienced nurses observed range of motion testing; this occurred in a small number of cases and was documented on data collection forms). Data were entered onto separate data sheets and collated. Missing data are reported as such.
Outcomes and data analysis
The outcomes of interest were the inter-rater agreement between nurse and physician regarding eligibility for application of the rule, for assessment of each component of the rule and for overall interpretation of the rule. Agreement was assessed using Cohen's unweighted kappa statistic (http://faculty.vassar.edu/lowry/kappa.html). The study was approved by our institutional research and ethics committee.
Results
During the study period 132 patients were screened. Of these, 6 were not clinically stable and alert, and 1 did not have a potential C-spine injury, leaving 125 potentially eligible patients. In 37 cases, data forms were incomplete or unmatched, therefore 88 cases had sufficient data for analysis. These 88 comprised the study sample. Table 1 summarizes patient demographics, mode of arrival, injury mechanism, application of hard collars and prevalence of clinically significant C-spine injuries, showing that there was only 1 such injury in the study cohort. Figure 1 summarizes patients screened and enrolled, and assessments performed. Physicians and nurses agreed on which patients were eligible to have the CCR applied to them in 85 of 88 cases (96.6%), and nurses did not include any patients whom physicians assessed as ineligible for rule application. 
Discussion
Our results suggest that nurses have the potential to reliably apply the CCR to assess patients with potential Cspine injuries. These findings are concordant with other research demonstrating that nurses can successfully apply clinical decision rules like the Ottawa Knee Rule and the Ottawa Ankle Rules in adult and pediatric patients presenting to the ED. 5, 6 We found, however, that in patients with potential C-spine injury, nurses were uncomfortable assessing range of motion and were more likely than physicians to report midline tenderness. Of note, some ED physicians also have reservations about assessing range of motion, and in Stiell and colleagues' validation study, range of motion was not assessed in 10.5% of eligible cases. 4 We also found that nurses interpreted all rule crite- Total no. of patients screened n = 132
Not stable and alert n = 6
Not potential C-spine injury n = 1
Eligible patients n = 125
Incomplete data n = 37
Patients analyzed n = 88
Complete physician dataset available n = 81
Eligible for neck rotation* n = 24
Nurse evaluated midline tenderness n = 43 ria more conservatively than did physicians and were more conservative in their overall interpretation of the rule, clearing fewer C-spines injuries than doctors; however, our kappa value of 0.55 for overall interpretation of the rule in individual patients was similar to the 0.66 reported by Stiell and colleagues for inter-physician agreement. 4 We found higher levels of agreement for paraesthesia and sitting during examination than reported in Stiell and cohorts' work comparing physicians, 2 but a lower level of agreement for the assessment of midline tenderness. The poorer agreement with respect to midline tenderness might be explained by reluctance on the part of nursing staff to examine the neck.
Feasibility of nurse evaluation
During the educational phase of this study, institutional medicolegal concerns focused on clinical examination of the neck and range of motion testing in patients with potential C-spine injuries. These concerns led to severe limitations on the grade of nurses permitted to assess range of motion. Consequently, many nurse assessments were based on nurses observing the physician evaluation rather than doing it independently. Hopefully, as more data on the safety and accuracy of the CCR are published and further experience is gained, these limitations can be overcome.
Assessment of range of motion and C-spine tenderness was a new practice for the nurses involved in the study. This highlights important differences in physicians' and nurses' training and clarifies the need for extensive instruction and support if nurses are to feel comfortable assessing the C-spine for range of motion and tenderness. A much larger study is needed to confirm that nurses can safely and accurately apply the CCR.
Our findings suggest that nursing staff may be able to clinically clear some patients with potential C-spine injuries rather than waiting for physician assessment in all cases. This would significantly reduce time in a hard collar and the associated discomfort. Because some collars are applied at the time of ED triage, nurse application of the CCR may allow hard collars to be avoided altogether in some patients. It is also possible that the CCR could be applied by paramedics in the prehospital setting, avoiding the application of hard collars in a proportion of cases.
Limitations
Our sample size was small -a factor of resource availability. In addition, it was a convenience sample, but this should not have introduced a systematic bias. Physicians and nurses sometimes failed to record elements of the decision rule, which further limited the sample size for some analyses. The study was conducted at one site with a high proportion of senior nurses, so these results may or may not be generalizable to other settings, particularly those with fewer senior nurses. Finally, in this study, only one patient had a clinically important C-spine injury, and application reliability for any clinical prediction rule may depend on the prevalence of the target condition, hence the prevalence of key clinical findings in the population studied.
Conclusion
This study suggests that nurses have significant potential to reliably apply the CCR but require further training with regard to assessment of midline tenderness and range of motion.
